Dr. C. H. Andrewes: In discussing any subject-and perhaps more particularly when discussing viruses-generalizations are dangerous. They are, however, allowable to openers of discussions who wish to set up ninepins for others to bowl at. In this spirit I put forward the following propositions: (1) Our ideal in trying to produce an active immunity against a virus disease must be to induce an immunity as solid and lasting as the dramatically solid immunity which follows a natural attack of most virus diseases. (2) At present we have no methods available which approach this ideal except those by means of which we deliberately produce a mildperhaps inapparent-attack of the disease. It may be necessary, in order to produce irnmunity to certain viruses, such as measles, to produce a definite febrile reaction; with other viruses this seems unnecessary. (3) The immunity produced by dead virus-in order to satisfy everybody I will use the convenient term "apparently dead virus "-is comparatively slight and transient. I am not denying that some degree of immunity may be produced by such apparently dead virus; indeed, it may prove useful in helping us one step on the road to the goal of solid and lasting immunity. Formalinized distemper vaccine affords us a good example.
Some people hold that the solid immunity which many virus infections leave behind them is associated with persisting latent infection with virus. I do not agree nor do I disagree with the view; there is not available enough evidence to let us decide the point. Clearly, however, those who hold such a view will not expect to find a persisting immunity without the use of a method of immunization involving the injection of living virus.
Mild, abortive, or inapparent infections may be induced as a means of immunization in several ways. (1) We may inoculate an attenuated virus. Such virus we may find ready-made, like vaccinia, or we nmay be able to produce it in a stable form by animal passage as we do with rabies fixed virus. -(2) More often we are not so fortunate-the thing is not so easy. We then have to attain our end by inoculating fully virulent virus into a partially immune animal. We may give our animal a low degree of passive immunity by inoculating virus and serum at the same time, as in side-to-side methods-or we may bestow a small degree of active immunity by means of a previous inoculation of apparently killed (e.g., formalinized) virus.
In some instances the method of immunizing with serum +virus only works if serum and virus are given by the "side-to-side " technique on opposite sides of the animal-as in dog-distemper and rinderpest; the serum must not act on the virus outside the body. In other instances, such as yellow fever, and perhaps vaccinia, a serum-virus mixture can apparently be used. Possibly the difference depends upon some such factor as this: distemper immune serum may rapidly form a stable union with the virus so that no infection at all results. Yellow fever virus and its antibody may unite more slowly or the union may readily dissociate within the body so that the net result is much the same as if the two had been injected separately. It is of some interest to inquire how one is able, with a side-to-side inoculation or with live virus following up formalinized vaccine, to induce a very mild disease. It might be thought that if there was any multiplication of virus at all, as we believe there is, the partial immunity of the animal would be presently overcome and the complete disease would blossom out. But this seems not to happen. Possibly the partial immunity (active or passive) restrains the virus-multiplication in its early stages or confines it locally; active immunity begins to develop, or to increase, right from the start and is already at a useful height before much virus spills over into the blood-stream. Experiments which I performed with neurovaccine support the suggestion that after a side-to-side inoculation active immunity may be developed very quickly, even within twenty-four hours. This neurovaccine, when given intravenously to rabbits in large doses, invariably induced a generalized eruption of pocks on the skin. 3 c.c. of antiserum intravenously could protect against 3,000 minimal infective skin doses, given intravenously-that is, could prevent generalization. Rabbits that this dose, 3 c.c. given intravenously, could also prevent generalization from resulting after a large dose of virus given intradermally. So much for controls; now for the experimental animals. Two rabbits were given a side-to-side inoculation, a dose of virus into the skin of one ear and 3 c.c. serum intravenously to the opposite ear. Twenty-four hours later they received a large dose of virus intravenouslv; they completely failed to show generalized lesions. Now rabbits 3 and 4 show that they could not have had enough passive immunity to stop generalization after this big dose of virus, from which I deduce that their active immunity had already reached a considerable degree of usefulness after twenty-four hours. This experiment has been carried out four times in all, with the same result each time. I think it has some bearing on the mechanism by which side-to-side inoculations may produce only a mild disease. I alluded to the possibility that immune animals may be immune because they are persistent virus-carriers. If we aim at immunizing by giving a mild disease, may not we be running a risk of making a lot of virus carriers? Waldmann, Trautwein and Pyl1 have been able, by concentrating virus on charcoal, to find foot-and-mouth virus in the urine of a hyperimmunized ox 246 days after its last inoculation. I am told that in America it is recognized that once immunization against swine fever is started on a farm, it is disastrous to stop immunizing in subsequent years; the very fact of previous vaccination seems to increase the danger. Such facts should make us wonder whether we might not spread a disease by vaccination in a countrv where it does not already exist. Probably our vaccination will usually confer a disease so extremely mild that there is no danger at all. But if very many animals are being vaccinated, some will be sure to respond abnormally and may develop a disease not so mild, capable of infecting others. Even if there is a remote risk such as I have indicated, I think it need not deter us to-day from actively vaccinating against a widespread disease like dog-distemper. One would, however, hesitate to vaccinate in this country against foot-and-mouth disease. In conclusion, I would plead for more experimentation on the lines suggested by the work of Waldmann, Trautwein and Pyl.
Professor W. Tulloch: In this discussion I am merely the spokesman of Dr. James Craigie, now of the Universitv of Toronto, who, although introduced to the study of the serology of vaccinia by myself, has achieved far more than I could hope to do. I take this opportunity of paying tribute to his energy, his loyalty and his ability.
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So far as our joint work on the application of serological methods to the study of vaccinia virus is concerned, the findings may be summarized thus (1) The diagnostic value of the vaccinia flocculation test and its specificity appear to be proved. (3) Antiserum, such as is used for conducting the flocculation test, contains antibodies possessing anti-infective quality in high degree. (4) The precipitate obtained by flocculating extracts of vaccinia material with such antiserum contains vaccinia virus. The virus thus treated is, however, peculiar in that--(a) Its infectivity is much diminished. (c) It stimulates the production of immunity. The technique of the work upon which these statements are made, and the significance of the last observation in relation to the production of an immunizing inoculum devoid of, or at least with reduced, danger either of undue local reactions or of untoward sequelte, have already been discussed fully in a recent publication.
Dilutions
I therefore propose to deal with further investigations which we have made, as these break new ground in virus research.
We have been careful never to commit ourselves as to whether the flocculated material did, or did not, represent virus precipitated by its appropriate antiserum.
It is possible to separate extracts of vaccinia material into two moieties, one of which is markedly flocculable and of low infectivity, while the other is not readily flocculable but is highly infective.
This separation can be achieved in more than one way. The easiest method is to filter suitably prepared extracts of the material through a Seitz E.K. disc, then having washed the disc to remove any flocculable substance contained within it, to reverse the disc and, washing in the reverse direction, obtain by this procedure the following: (1) filtrate which is flocculable but not infective; and (2) the material washed from the filter by reversing the fluid current, which product is infective but not markedly flocculable.
Ref.
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Sometimes it is necessary to use double disc filtration in order to obtain filtrates that are proved to be devoid of infectivity when tested by intratesticular inoculation. We are therefore forced to ask ourselves the question, What is flocculable substance ? It may be the product of the living virus, a product of the dead virus, a product of the invaded tissue or a combination of these. One is tempted to suggest that its relation to the virus might be akin to the relation existing between pneumococci and their specific carbohydrates.
A partial answer to this question may be given if we can answer another question, namely, What The term " unit " used in these charts is, of course, purely arbitrary but, for purposes of comparison, it was necessary to establish some kind of base line. The unit of flocculable substance is that amount of flocculable substance contained in a 45;6 1£ volume of 0 -5 c.c. of the highest dilution giving definite flocculation with an antiserum, chosen at random, and used as a standard throughout one series of experiments. For example, if a rabbit received 1 c.c. of a filtrate equivalent to a dilution of lapine of -2i and the flocculating titre of that lapine extract in 0-5 c.c. volume is TTTn, the number of units given would be L"t".00 X 2, that is, 1,600 units.
G H
The findings shown in G and H, upper sections, suggest that the flocculable substance is not antigenic, but that is in direct contradiction to the findings shown in the lower sections of the same slides, which do indicate that it serves as a secondary stimulus. How are we to explain the anomaly ? It is possible that the filtrate contains living virus in quantities sufficient to act as a secondary stimulus but insufficient to act as a primary stimulus. This suggestion seems to me to be susceptible to criticism in view of the large doses of the material used.
If we attempt any other explanation of this direct contradiction, two significant points emerge:-(1) That a material which fails to act as a primary stimlulus may perfectly well act as a secondary stimulus to the production of antibodies-a somewhat novel finding in immunology; and (2) There is so close an association between flocculable substance and virus that it looks as though flocculable substance were a product of the virus living or dead.
The implication of these findings in relation to the further study of virus diseases and immunity thereto is obvious, but perhaps the most interesting observation of all is contained in a letter just sent to me by Dr. Craigie. He has shown that flocculable filtrates proved by testicular inoculation to be free from virus, when inoculated into humans who have already been immunized by ordinary vaccination, lead to an early and very severe response.
Major G. W. Dunkin. Active Immunity to Dog Distemper.-A dog which has recovered from a natural attack of distemper, that is to say the viru's disease, appears to be inimmune to further attacks. The immunity resulting from such an I attack is probably durable and life-long in the vast majority of cases; to such an extent, in fact, that it can be-considered to be the rule. There are a few exceptions to this rule and instances have been recorded where a second or even a third attack has occurred. It is by no means clear, in view of the confusion which still exists as to what are the cardinal symptoms of the disease, and of the admitted difficulties experienced in diagnosis, whether these reported recurrences are in fact true distemper or some bacterial infection the symptoms of which closely resemble those of true or virus distemper.
Active and durable immunity frequently follows a natural attack of a virus disease, e.g., swine fever, but it cannot be said that the immunity resulting from a natural attack of this disease is as lasting as in the case of distemper, for the reason that as a rule a pig does not live as long as the average dog. On the other hand, an attack of foot-and-mouth disease does not appear to confer any lasting immunity-as far as natural attacks in the field are concerned. The difference in the degree of immunity resulting from attacks of swine fever and dog distemper on the one hand, and of foot-and-mouth disease on the other, is probably explained by the fact that in the latter case one has to deal with more than one strain of virus which does not appear to be a factor to be considered in the case of either dog distemper or swine fever. As far as has been possible to ascertain and as a result of work conducted on some twenty or more strains of dog distemper virus, it has been found that all these cross immunize.
In the case of dog distemper the immune state may be established in dogs and ferrets without any great risk to the animal, in a number of different ways.
Formalized and carbolized as well as heated virus have all been used as vaccines.
Although encouraging results have been obtained from all these methods, the most successful results have been obtained by the use of formalized virus and this method is the one in general use to-day.
(a) The immunity conferred by the injection of vaccine alone is certainly not lasting. Two doses injected at an interval of a week or a fortnight result in an immunity of longer duration than that conferred by one dose, but in any case it is evanescent.
(b) Vaccine followed by living virus, the latter given at a certain interval after the vaccine, produces an immunity which is active and durable. In order to attain this end, the virus used must be living and virulent and it will naturally follow that if this is to be so, then the vaccine must be of known high protective power, otherwise an attack of distemper is almost certain to result and may terminate fatally. Both products must, in fact, be beyond suspicion.
(c) The simultaneous serum-virus method. This method has been more recently employed, and while it possesses certain obvious advantages over the former and the resultant immunity appears to be good, the time which has elapsed since its inauguration is insufficient to allow one to state with certainty that it is durable. The method adopted is the side-to-side injection of the two products and, as in the case of vaccine and virus, both products must be of known and high value.
(d) Mixtures of serum and virus injected into susceptible animals either subsequent to or without incubation have invariably proved disappointing. The method, in so far as dog distemper is concerned, is useless.
(e) Virus which is stored in the moist or semi-dry condition gives some interesting results. There appears to be a stage in its degradation when it will fail to reproduce the disease but will act as an efficient antigen. It is not possible to say exactly how long it takes before this stage is reached, because the time varies with different samples of virus and even with the same virus on different occasions. The critical period is of short duration but its exact time limit is unknown, and while this phenomenon is of considerable scientific interest, if not importance, as a general method of immunization it is not a practical one, for the antigenic power of the virus must be tested on animals before it can be issued, and by the time the result of the test is known the antigenic power may have disappeared. This is reminiscent of the preparation of Pasteur's dried rabies virus and it will be recalled that by exsiccation a gradation of the immunizing material-although inexact-was possible; inexact for the reason that the spinal cord is not equally impregnated by virus in all its parts, and also because the varying thickness of the cord, with an even period of drying, results in a more or less drastic reduction of the organism.
(f) Sub-infective doses of distemper virus known to be living and virulent do not appear to be of any valuie in producing resistance to the disease. Multiple doses have not been tried.
A point of considerable importance in connection with immunization against dog distemper is that the "vaccine" is highly specific for species. In other words, "dog" vaccine, although of the greatest value in the )rotection of dogs, will fail to protect ferrets unless it be given in multiple doses. The converse is equally true; that is, " ferret " vaccine, although good for ferrets, will not protect dogs in single doses. One therefore naturally wonders whether or not ferret vaccine would be of any value as a prophylactic for such valuable fur-bearing animals belonging to the same species as the mink and fisher, or whether dog vaccine is to be of any value when used on, say, silver foxes. Rudolf, in Vienna, has described distemper in the mink, silver fox and also in the racoon. Hinz in Berlin, in a personal communication, and Wood in America have confirmed these observations in so far as mink are concerned. Dalling in this country has described dog distemper in the fitch and this is confirmed in a personal communication received from Law in Ontario. These valuable observations adding, as they do, to the number of species alleged to be affected by dog distemper, suggest to one's mind that, as the vast majority of fur-bearing animals belong either to the Mustelidea or to the Canidew, (the racoon cannot, of course, be included in either of these categories) it should be possible to immunize them by means of one or other of the methods just briefly described.
The nature of the immune state, resulting either from a natural attack or produced by artificial means, provides much ground for conjecture. Is the immunity due to the persistence of the specific antibodies in the animal system, to the constant stimulation of the antibody factory by the admission of virus received as a result of frequent contacts with "open" cases of the disease, or is it due to the persistence of living virus in the animal system which by its presence causes a constant stimulus to the manufacture of fresh antibody ?
The correct explanation is not clear, but in view of the fact that the administration of virus must take some place in securing active and durable immunity, the explanation probably lies in the suggestion that living virus persists in the tissues of the immune animal which thus becomes a perpetual carrier of the disease. It must be admitted that there is a complete absence of evidence in support of this contention in the case of dog distemper and all attempts to isolate the virus from recovered or immunized animals, even from those which have been suspected of being carriers, have failed. None the less it appears on the whole to be the most satisfactory explanation of the life-long immunity observed in this disease.
Dr. S. P. Bedson said that in immunization against virus diseases our ideal should be the production of the maximum degree of immunity with the minimum degree of danger or discomfort. The method of prophylactic vaccination against smallpox at present in vogue hardly achieved this ideal and an endeavour should be made to devise a better method. The experiments which Professor Tulloch had described held out the hope that we might find our ideal method along the lines of immunization with neutral serum-virus mixtures. The method of immunization which consisted of inoculating the unprepared animal with a fixed relatively avirulent variant, the classical example of which was Jennerian vaccination, was only of limited application, and for protective inoculation against the great majority of virus infections we had to choose between immunization with living virus in a partially immunized animal or immunization with dead virus alone. In the former method partial immunity might be achieved either passively by means of an antiserum or actively by means of killed virus, the choice of method being determined by the virus with which one was immunizing and the animal species to be immunized. For example, it would appear to be extremely difficult to produce a reasonably potent serum against the virus of psittacosis and in a case like this one would have to rely on a dead vaccinie for the production of partial immunity. With regard to dead vaccines it was usually stated and generally accepted that all filtrable viruses when killed were equally good-or bad immunizing agents. His experiences did not lead bim to this conclusion. He had worked with three viruses from this point of view, the virus of foot-and-mouth disease, herpes virus and psittacosis virus; and his colleague, Dr. Bland, had experimented with vaccinia virus. And whereas killed vaccinia virus provoked little or no immunity, the virus of foot-and-mouth disease and herpes gave quite effective killed vaccines, and killed psittacosis virus produced as good an immunity as that conferred by an attack of the disease. Mice when infected with psittacosis, usually died, but those that recovered had only acquired a moderate degree of immunity, yet by means of formalinized virus alone it had been found possible to produce quite a high degree of immunity in this animal. Dr. Andrewes was of the opinion that it was a waste of time to discuss whether a filtrable virus that was really killed had the power to provoke immunity. Personally he (Dr. Bedson) disagreed with this, for apart from the purely academic interest attaching to this question there was a practical one. If the antigenic activity of the "killed" vaccines was due to partially inactivated virus, then their efficacy was likely to be ephemeral and it was going to be difficult to know with certainty when, and for how long, a vaccine could be expected to be effective, whereas if its efficacy was due to killed virus we could hope for a much more stable product. Experiments which he had carried out with herpes virus did not support the view that the antigenic power of a formalinized herpes vaccine was due either to a residue of active virus or to attenuation of the virus; it appeared that herpes virus that was really killed could give rise to quite a high degree of immunity. In cornclusion, he would like to put in a plea for further research on immunization with killed virus.
Mr. R. E. Glover: Generally speaking, the most satisfactory results in the active immunization of animals seem to have been obtained with combinations of serum with virus (serum-simultaneous methods: sensitized virus), and these methods are still holding their own. Nevertheless, the obvious drawbacks, such as the difficulty of obtaining adequate supplies of fully potent virus and the dangers of creating fresh centres of infection with the inoculum, have stimulated enquiries into methods which are safer, but are still capable of giving a durable immunity.
The most promising results seem to have been obtained by the use of an inert vaccine, either alone (e.g., rinderpest), or followed by a reinforcing inoculation of fully virulent material (e.g., distemper). The latter method is open to the objection that at some stage of the immunizing process the animal may be capable of spreading the disease. On the whole, it must be admitted that the results obtained with inert emulsions have been disappointing. With a single dose of killed virus, the immunity is only partial and is extremely fleeting; with two or more doses, a solid protection can be induced, but it is usually of comparatively short duration. These points are illustrated by experiments with fowl-pox. Such methods are unlikely to be of value in the lower animals, because on economic grounds, repeated inoculations are rarely possible.
It is necessary to determine whether phenol, formalin, etc., produce an attenuation of a virus, or whether there is a progressive lethal action. Experiments with fowlpox indicate that the latter obtains, and that the residual virus is fully virulent. It is suggested that a point is reached at which the amount of virus which is left is insufficient to set up the disease, but is still capable of immunizing: at a latter stage, the virus is entirely destroyed, and is then antigenically inert. This may explain the discrepant results which have been obtained in many virus diseases.
Dr. Mervyn Gordon said that it was desirable to have more information as to what viruses were, and of the manner in which they acted. Evidence was accumulating to show that they were minute living organisms (e.g. the recent work at the National Institute on the mouse disease, and of Ledingham on the Paschen bodies in vaccinia and variola). In the case of vaccinia it was easy to show by titrating measured dilutions on the rabbit's skin that the greater part of this virus did not pass through filters such as the Berkefeld, L2, or Seitz, and microscopical examination revealed the presence of these very small but definite bodies that seemed to be the actual agent. In the case both of vaccinia and psittacosis he (the speaker) had found no evidence of the presence of soluble toxin, and it seemed probable, therefore, that these viruses acted by means of the endotoxin contained within the bodies of the minute organisms concerned. Confirmatory evidence of this had been obtained in case of vaccinia in course of some experiments he had made with a view to determining the nature of the protective substance in antivaccinia serum. The addition of active guinea-pig complement to vaccinia virus in presence of normal serum increased its pathological action on the rabbit's skin and gave rise to necrosis. This necrotic effect was neutralized by a very potent antivaccinia serum, but not by others, and he thought that pointed to the action of anti-endotoxin.
We knew that a virus, such as vaceinia, excited the production of specific antibodies (e.g., complement-fixing antibodies and agglutinine), very much as ordinary bacteria do. Further work at these larger viruses would probably prove fruitful because if we knew more about them we should be better able to deal with the smaller and more diflicult viruses.
Dr. Wilson Smith said that his work on vaccinia during the last eighteen months had been along lines similar to those discussed by Professor Tulloch. His results suggested that this virus might have a complex antigenic structure. He had extracted from vaccinal rabbits' testes a substance which gave a specific precipitin reaction with vaccinia immune sera. This substance would withstand boiling, so that there could be no question of the survival of any living virus. It had failed entirely to provoke an immunity response in rabbits subjected to multiple inoculations over a period of six months. It was conceivable therefore that this heat-stable precipitating body was of the nature of a haptene, analogous to the specific soluble substances derived from pneumococci and, if so, it might assume importance as a non-living immunizing agent if it could be made antigenically active by linkage to a protein.
Professor G. H. Wooldridge said that one point of considerable clinical importance had not been stressed sufficiently in the course of the discussion, namely, the possible infectivity of the vaccinated subject during the period of developing active immunity. Dr. Andrewes had suggested that in the case of dog distemzper it was not of much importance, owing to the ubiquitous distribution of " street" distemper. He, the speaker, thought, however, that it assumed great importance in the case of animals inoculated with virus in hospitals, because if they eliminated virus after inoculation they must inevitably be a source of danger to other susceptible dogs in that hospital. Was there any really definite information on this point?
His practice was to isolate or segregate inoculated dogs for a week or ten days after injection of virus. He did not think that there was any likelihood of vaccinated dogs becoming carriers, and he had never had any reason to suspect the existence of the carrier in dog distemper-the position in this respect differing clearly from swine fever, in which the existence of apparently healthy carriers was well established.
